Objective: The present study aimed to investigate the prevalence of metabolic syndrome (MetS) in 7-to 17-year-old children and adolescents in China and to examine the relationship between MetS and its associated early-life factors. Design: Data were collected using a standard parent/guardian questionnaire in a face-to-face interview. Each participant underwent a complete anthropometric evaluation. MetS was defined according to the criteria of the International Diabetes Federation (IDF; 2007) for children and adolescents. Setting: Guangzhou, a large city in South China, September 2013. Subjects: A total of 1770 children and adolescents were enrolled in the study, including 913 girls (51·6 %) and 857 boys (48·4 %). Results: The overall prevalence of MetS in children and adolescents was 1·1 % (n 19), which was higher in boys (1·4 %) than in girls (0·8 %). Multivariate analysis indicated that high birth weight was significantly associated with abdominal obesity (OR = 2·86; 95 % CI 1·62, 5·06) and MetS (OR = 3·61; 95 % CI 1·33, 9·82). Furthermore, >6 months of maternal breast-feeding was inversely associated with MetS (OR = 0·39; 95 % CI 0·16, 0·98). Conclusion: Based on IDF criteria, the prevalence of MetS among southern Chinese children was significantly lower than that in other populations. High birth weight was significantly associated with abdominal obesity and MetS, and breast-feeding for longer than 6 months was inversely associated with MetS in South China.
Metabolic syndrome (MetS) is a cluster of cardiovascular risk factors defined by the co-occurrence of at least three of the following features: obesity, hyperglycaemia, hypertension, hypertriacylglycerolaemia and low level of HDL cholesterol (HDL-C) (1) . The prevalence of MetS in children and adolescents is increasing worldwide. In 2014, Miller et al. reported that approximately 73·2 % of the participants in their study presented at least one feature, with an estimated MetS prevalence of 10·1 % among adolescents in the USA (2) . A study in 2012 showed that the prevalence of MetS in six cities in China was 27·6 % in obese participants and 0·2 % in normal-weight children (3) . Morrison et al. showed that MetS during childhood predicts adult MetS and type 2 diabetes mellitus 25-30 years later (4) . This finding emphasizes the importance of early control of MetS during childhood as a strategy for primary prevention of CVD later in life. Identification of risk factors in youngsters is crucial for the prevention and rapid detection of MetS (5) ; however, the associated early-life factors of MetS in children remain unclear and previous results are inconsistent. Some studies showed that urbanization, unhealthy diet and sedentary lifestyle are major contributors to health disorders (6, 7) . Furthermore, certain circumstances in utero and early childhood predispose a child to disorders such as obesity, dysglycaemia and MetS (8) (9) (10) . The association between childbirth and feeding situations and MetS is unclear; a strong association was reported between low birth weight (LBW) or high birth weight (HBW) and MetS in some studies, whereas this association was not found in other studies (11, 12) . Several reports also indicated that family environments such as maternal education level and family history of diabetes (14) are risk factors for obesity and hyperinsulinaemia, which are the most important determinants of MetS. One study explored the prevalence of MetS and its associated factors in north-eastern Chinese adults (15) . However, only a few large studies have evaluated the relationship between early-life factors and MetS among children and adolescents in China.
Development of effective strategies and actions to control and prevent the prevalence of obesity-related chronic diseases is urgently needed in China. The present study aimed to provide an up-to-date prevalence of MetS in 7-to 17-year-old children in southern China and to examine the relationships of early predictors, such as birth weight, breast-feeding and parental education level, with MetS development. We tested the hypothesis that maternal breast-feeding and either LBW or HBW might be associated with MetS in Chinese children and adolescents.
Method

Study population
This cross-sectional study was conducted in September 2013 in Guangzhou, which is a large and wealthy city in South China. Based on multiple random sampling, four districts from the urban area were randomly selected in the first stage. In the second stage, 2108 eligible students aged 7-17 years from ten schools in the four districts were invited to participate through cluster random sampling (primary school: secondary school = 1:1). Among the ten selected schools, two classes per grade were randomly selected and invited, and all children aged 7-17 years were considered eligible in these classes. The principals (school heads) of selected schools were sent an invitation letter, an information sheet and a presentation containing the study details. With the permission from the principals, parent and student consent forms, including consents for physical examination and blood sample collection, were given to each student to bring home. The children were then asked to return the consent forms to the school if they and their parents were willing to participate in the study. Randomization was performed by a staff member who was not involved in the trial. Afterwards, 1834 participants agreed and completed the study, which included physical measurements, questionnaire survey records and biochemical variable tests, with 87 % response rate. Children with missing information such as age (n 16), sex (n 20) or BMI (n 15) were excluded, as were those who had a serious health problem (n 13), including any physical and psychological conditions that compromised their participation in the study (e.g. disabled children, serious cognitive or psychological dysfunction, congenital heart disease). In addition, to minimize any possible bias related to ethnicity, all participants were required to be ethnic Han. Finally, a total of 1770 children and adolescents (857 boys and 913 girls) aged 7-17 years were enrolled in the study.
Data collection and measurements
Data on children were collected using a standard parent/ guardian questionnaire filled in by one of their parents in a face-to-face interview. Before the survey, all eligible investigators were invited to attend an organized training session, wherein the purpose of the study, administration of the questionnaire, the standard method of measurement, the importance of standardization and the study procedures were explained. A strict test was administered after the training session and only those who obtained a perfect score in the test were accepted as investigators. The internal inspectors provided further instructions and support during data collection. Data regarding demographic characteristics, child birth and feeding situation and parental education level were obtained, as well as family history of chronic diseases, which was defined as the presence of chronic diseases in at least one parent. Chronic diseases included hypertension, diabetes (types 1 and 2) and obesity. Parental education level was classified into three categories: none/primary (<6 years of schooling), secondary (6-12 years) and university or above (>12 years). The completed questionnaires were reviewed by trained staff and uploaded into the database.
All participants underwent a complete anthropometric evaluation to ascertain their nutritional status. The variables assessed were weight, height, waist circumference (WC), hip circumference (HC) and BMI (weight/height 2 , kg/m 2 ). Fasting body weight was measured to the nearest 0·1 kg on a double ruler scale (RGT-140; Wujin Hengqi Co. Ltd, Changzhou, China). Height was measured to an accuracy of 1 mm with a free-standing stadiometer mounted on a rigid tripod (GMCS-I; Xindong Huateng Sports Equipment Co. Ltd, Beijing, China) by trained interviewers following a standardized procedure. Each participant was asked to stand erect with back, buttocks and heels in continuous contact with the vertical height rod of the stadiometer and head orientated in the Frankfurt plane. The horizontal headpiece was then placed on top of the head of the participant to measure his/her height. WC (Myotape; Jiete Co. Ltd, Dongguan, China) was measured using the horizontal plane midway between the lowest rib and the upper border of the iliac crest at the end of normal inspiration and expiration, whereas HC was measured at the maximum extension of the buttocks. The average of two consecutive measures was used in the analyses. Waist-to-height ratio was calculated as WC (in centimetres) divided by height (in centimetres), whereas waist-to-hip ratio was calculated by dividing WC by HC.
Blood pressure was measured using a mercury sphygmomanometer (model 501010009; Yuyue Medical Co. Ltd, Jiangsu, China) after each participant had rested for at least 15 min in a sitting position. Diastolic pressure was defined as the point of disappearance of Korotkoff sound (fifth phase). Blood pressure was taken twice on the right arm with an appropriately sized cuff.
The average of two readings obtained at a minimum of 5 min apart was recorded.
Laboratory tests
Biochemical variables included fasting glucose (FG), TAG, total cholesterol, HDL-C and LDL cholesterol. After 12 h of overnight fasting, venous blood samples were taken from the antecubital vein and collected into vacuum tubes. The samples were then centrifuged at 3000 rpm for 10 min (Avanti ® J-301; Beckman Coulter Co. Ltd, Shanghai, China), then serum or plasma was separated and stored at −80°C for subsequent analysis. All biochemical analyses on blood parameters were carried out by a biomedical analysis company, which was accredited by Peking University. The glucose oxidase method was used to measure FG, HDL-C was calculated using the clearance method and total cholesterol and fasting TAG were assayed using enzymatic methods.
Definitions
MetS was defined mainly according to the criteria of the International Diabetes Federation (IDF; 2007) (16) adapted for children and adolescents as abdominal obesity (defined by WC ≥ 90th percentile according to the cut-off points for Chinese children) and the presence of two or more clinical features, including TAG ≥ 1·7 mmol/l, HDL-C < 1·03 mmol/l, systolic blood pressure ≥ 130 mmHg and/or diastolic blood pressure ≥ 85 mmHg, and serum FG ≥ 5·6 mmol/l. LBW and HBW were defined as birth weight <2500 g and ≥4000 g, respectively, for newborns on term without congenital malformations. Passive smoking was considered present when at least one parent smoked cigarettes.
MetS was also defined in the sensitivity analysis by using other criteria proposed by Cook et al. (17) , to be comparable with other publications.
Statistical analysis
Descriptive statistics were calculated for all of the variables, including continuous variables (reported as mean values and standard deviations) and categorical variables (reported as numbers and percentages). The differences between sexes and ages were evaluated using the Student's t test, ANOVA, non-parametric test or the χ 2 test, as appropriate. Correlation coefficients between MetS components and its associated factors were calculated as well. Multivariate logistic regression analyses (Enter method) were employed to identify the independent factors of MetS, and odds ratios and corresponding 95 % confidence intervals were calculated. The multivariate analysis in the second step was sex-adjusted and age-adjusted to control the influence of puberty on the dependent variable. All statistical analyses were performed using the statistical software package SPSS version 16·0, and P values less than 0·05/0·01 were considered to be statistically significant.
Results
Characteristics of the study population
The baseline characteristics of the participants, including anthropometry, MetS features, birth and feeding situations, as well as family environment are shown in Table 1 . A total of 1770 interviewed children and adolescents, including 913 girls (51·6 %) and 857 boys (48·4 %) with a mean age of 11·3 (SD 2·9) years, were enrolled in the study. Boys had higher mean values of variables such as height, weight, BMI, waist-to-hip ratio, WC, FG, systolic and diastolic blood pressure than girls. In terms of birth and feeding information, the participants were born weighing 3238·5 (SD 481·6) g on average, and 66·3 % were exclusively breast-fed for ≥30 d. With regard to family environments, the parental education levels of the target population were 1·5 % and 2·4 %, 40·4 % and 43·1 %, and 54·7 % and 50·4 % for father and mother with none/primary, secondary and university level education or above, respectively. In addition, the percentages of passive smoking and family history of hypertension, diabetes and obesity were 37·2 %, 52·7 %, 28·0 % and 24·4 %, respectively. No significant differences were observed in family environments between boys and girls.
Prevalence and features of metabolic syndrome Among children less than 10 years old, the prevalence of abdominal obesity, hypertension, high FG, low HDL-C and high TAG was 11·2 %, 0·5 %, 0·8 %, 7·4 %, and 2·1 %, respectively, which were all lower than the corresponding figure in children older than 10 years. The overall prevalence of MetS in children and adolescents was 1·1 % among children aged 10-17 years (Table 2) , which was higher in boys (1·4 %) than in girls (0·8 %; P < 0·001). Furthermore, boys had a higher rates of high FG (3·2 % v. 0·8 %), low HDL-C (16·4 % v. 11·6 %) and high TAG (8·3 % v. 6·5 %) but lower rates of abdominal obesity (10·3 % v. 14·1 %) and hypertension (0·9 % v. 1·0 %) than girls. A total of 564 (31·1 %) participants had at least one MetS feature, among which 453 (25·4 %), ninety-one (5·1 %) and nineteen (1·1 %) participants had one, two and three MetS features, respectively. Figure 1 shows the prevalence of MetS and metabolic disorders among 7-to 17-year-old children in various age groups in Guangzhou, China. The prevalence of MetS in 10-, 11-and 12-year-old groups was 2·0 %, 3·6 % and 2·7 %, respectively, which were higher than in other age groups. This difference was also observed in the groups with one metabolic disorder and two metabolic disorders.
The MetS presence in the sensitivity analysis was based on the criterion defined by Cook et al. (17) . Its prevalence was 2·5 %, 3·6 % and 1·5 % among all children aged 7-17 years, boys and girls, respectively (see online supplementary material, Table S1 ). The prevalence of MetS in 10-, 11-and 12-year-olds was 3·2 %, 4·5 % and 3·6 %, respectively, which was also higher than in other age groups (see online supplementary material, Fig. S1 ).
Association between metabolic syndrome features and associated factors The multiple logistic regression method was applied to analyse the relationship between MetS and its associated factors. The results in Table 3 show that HBW, not LBW, was significantly associated with abdominal obesity (OR = 2·86; 95 % CI 1·62, 5·06) and MetS (OR = 3·61; 95 % CI 1·33, 9·82) even after adjustment for sex and age. In addition, >6 months of maternal breast-feeding was inversely correlated with the risk of MetS (OR = 0·39; 95 % CI 0·16, 0·98).
Discussion
A series of currently available studies indicates that MetS is not only present in adults but also in children and adolescents. However, the early-life factors for MetS in children and adolescents are uncertain. The present study, which included Chinese children and adolescents, showed that the overall prevalence of MetS among the participants was 1·1 %, in which higher prevalence was observed in boys than in girls. Most importantly, HBW was significantly associated with abdominal obesity and MetS. Furthermore, breast-feeding for longer than 6 months in children and adolescents during their early life was inversely associated with MetS in later life. To the best of our knowledge, the current study is the first study exploring the relationship between MetS using the IDF criteria and early-life factors among children aged 7-17 years living in South China.
MetS was identified in nineteen (1·1 %) children and adolescents in the sample population. The prevalence varied depending on the criteria applied because no universally accepted definition of childhood MetS is available. The main criteria of MetS adopted in the present study were proposed by the IDF in 2007, and these criteria have been used worldwide for comparison of data from different countries (16) . In 2009, Zorzi et al. reported that the prevalence of MetS in Canadian Tsimshian Nation youth aged 6-18 years was 4·7 % using the IDF criteria (18) . In 2009, Cizmecioglu et al. reported that the prevalence of MetS among 2491 Turkish schoolchildren aged 10-19 years was 2·3 % according to IDF guidelines (19) . The results obtained in the present study indicated a lower prevalence of MetS in the current study than in Western countries but slightly higher than that in another study conducted in China, in which the overall prevalence of MetS for children older than 10 years was 0·8 %, in accordance with the IDF definition as well (3) . However, the estimated prevalence of MetS was much higher (2·5 %) when the definitions proposed by Cook et al. were applied. Applying the IDF criteria for children aged 10 years or above may result in underestimation of the real situation, because MetS diagnosis was not suggested by the IDF definition for children below 10 years old. The sensitivity of the IDF definition in MetS diagnosis was significantly lower than the sensitivity of Cook et al.'s definition. In addition, the IDF definition considers central obesity as an essential element. Therefore, the lower prevalence of MetS in the present study than in Western countries may be partially explained by the lower prevalence of obesity among Chinese children.
An age difference in the prevalence of MetS components was found in the present study, which is consistent with previous studies. A study of children and adolescents from Iran and Germany found that young Iranians and Germans aged 6-10 years had a lower risk of MetS than those aged 10-16 years (1·0 % v. 2·0 % for Iranians, 0·1 % v. 0·5 % for Germans) (20) . The potential for early onset of puberty in 
FG, fasting glucose; HDL-C, HDL cholesterol. ‡P value between sexes was calculated using the χ 2 test for categorical variables. Prevalence (%) Fig. 1 Prevalence of the metabolic syndrome ( ) and of one metabolic disorder ( ) and two metabolic disorders ( ) among 7-to 17-year-old children and adolescents (n 1770) in various age groups in Guangzhou, China, September 2013 adolescents may potentially increase the risk for MetS (21) . Changes in the hormone regulation of appetite, satiety and fat distribution during puberty may place adolescents at increased risk for additional weight gain.
Abdominal obesity and low HDL-C level are the most prevalent features among the abnormalities in the current study. In other countries, abdominal obesity was also found to be the most prevalent among the five MetS components in adolescents. By using the IDF definition, the overall prevalence of abdominal obesity in adolescents was 34·7 % and 8·4 % in Americans and Koreans, respectively (22) . Therefore, obese adolescents with abdominal obesity should be an important target for intervention. In addition, using the IDF criteria in the United Arab Emirates (23) , a country having one of the highest rates of diabetes in the world, the low HDL-C prevalence (88 % and 74 % in boys and girls, respectively) was extremely higher than that observed in the present study, whereas approximately 11 % prevalence rate was observed in southern Italians (24) . Another study conducted in Brazil, Iran and Germany indicated that genetics might be a crucial reason for the above results (20) . Nevertheless, these differences could be due to the use of different methodologies (e.g. the clearance method was used for HDL-C in the current study, but the phosphotungstic acid precipitation method was used for Caucasian children).
Identification of early-life risk factors is essential for developing early interventions to prevent MetS. HBW (i.e. not LBW) was found to be directly related to the development of abdominal obesity and MetS in the present study. A previous report indicated a J-shaped relationship between birth weight and fat mass later in life, with a higher prevalence of obesity seen in individuals with HBW (25) . The association between LBW or HBW and MetS is controversial, with some studies showing a strong relationship (25, 26) and others not (27) . A study conducted in Spain showed that birth weight and positive MetS diagnosis are associated in both sexes (28) . By contrast, Khuc et al. (29) surveyed 357 adolescents in Chile and did not find any association between birth weight and early development of MetS. The mechanism is still not completely understood, but it may involve either altered appetite regulation or insulin secretion (30) , and even hypothalamic inflammation (31) . Moreover, maternal overnutrition is deleterious to the health of the offspring and could result in a phenotype that is a characteristic of MetS (32) . For maternal breast-feeding, the results showed an inverse association between participants who had been breast-fed for >6 months and positive MetS diagnosis in childhood and adolescence; this inverse association is consistent with those obtained in other studies with similar populations of children and adolescents (33) . Ekelund et al. (34) emphasized that participants who had been breast-fed for more than 6 months benefited from maternal breast-feeding in terms of MetS prevention. Breast-feeding offers some protection related to the development of obesity (35) . Considering that breast-fed infants gain weight more slowly over the first year compared with Table 3 Multiple logistic regression analysis of metabolic syndrome components and its associated factors in 7-to 17-year-old children and adolescents (n 1770), Guangzhou, China, 
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formula-fed infants (36) , infant weight gain may pertain to the mechanism that decreases obesity risk in those who were breast-fed. Breast-feeding is also associated with lower risk of hypercholesterolaemia, hypertension, diabetes, glucose intolerance and insulin resistance (37, 38) . More importantly, the significant effects of breast-feeding were independent, suggesting that the effect of breast-feeding on MetS may not be mediated by weight gain during infancy. The association between breast-feeding and abdominal obesity was not found in the present study; this aspect needs further exploration.
Childhood socio-economic status affects the risk of cardiometabolic diseases. However, the relationship between childhood socio-economic status and MetS remains inconclusive, one reason being the insufficiency of data from Asian countries. No association between the prevalence of MetS and parental education was found in the current study, which is consistent with another study conducted in a national representative sample of Chinese adolescents (39) . However, a study conducted in Koreans found independent and positive associations between maternal education and occupational status and MetS (13) . Many factors contribute to the development of MetS, including physical activity level, dietary intake and socio-economic status, some of which are related to one another, and this correlation may be insignificantly associated with MetS.
The present study adds to the current knowledge about child birth weight and breast-feeding and their long-term health effects, which might have important implications for the management of pregnancies and child care. Given the increase in obesity prevalence among children and adults, these findings have implications for the cycle of obesity and its consequences like MetS in subsequent generations. We encourage primary-care providers to discuss the consequences of breast-feeding as part of anticipatory guidance early in the care of children.
Several limitations of the study should be mentioned. First, causation could not be inferred because the study applied a cross-sectional analysis. The specific roles of maternal breast-feeding and birth weight in MetS development could not be determined with certainty. Second, as indicated by the IDF definition, children younger than 10 years old cannot be diagnosed with MetS and the adolescents in our study included different stages of puberty, with labile adiposity. Therefore, the results among younger children in our study should be interpreted with caution. Third, breast-feeding data were retrospectively obtained from the parents. Therefore, the breast-feeding data were possibly overestimated or underestimated. The study also has many strengths, such as the high quality control of physical examinations and the good response rate of participants. In addition, although several studies have reported an association between birth weight and individual components of MetS, no previous study in China had focused on birth weight, breast-feeding duration and MetS components as potential risk factors.
Conclusion
In conclusion, the present results showed the prevalence of MetS among children and adolescents. The sensitivity of the IDF definition in diagnosing MetS was significantly lower when applied in China. Therefore, an appropriate diagnostic tool is needed to identify MetS in Chinese children. Moreover, HBW was significantly associated with abdominal obesity and MetS, and breast-feeding children for longer than 6 months was inversely associated with MetS.
